The open abdomen (OA) procedure is a significant surgical advance, as part of damage control techniques in severe abdominal trauma. Its application can be adapted to the advantage of patients with severe abdominal sepsis, however its precise role in these patients is still not clear. In severe abdominal sepsis the OA may allow early identification and draining of any residual infection, control any persistent source of infection, and remove more effectively infected or cytokine-loaded peritoneal fluid, preventing abdominal compartment syndrome and deferring definitive intervention and anastomosis until the patient is appropriately resuscitated and hemodynamically stable and thus better able to heal. However, the OA may require multiple returns to the operating room and may be associated with significant complications, including enteroatmospheric fistulas, loss of abdominal wall domain and large hernias. Surgeons should be aware of the pathophysiology of severe intra-abdominal sepsis and always keep in mind the option of using open abdomen to be able to use it in the right patient at the right time.
Introduction
The open abdomen (OA) procedure is one of the greatest surgical advances in recent times and may have enormous application in the daily management of critically ill surgical patients. The OA may be a useful option for treating patients with abdominal sepsis. However its precise role in these patients is still not clear.
On the basis of the source and nature of the microbial contamination, peritonitis can be classified into primary, secondary and tertiary [1] .
Primary peritonitis is a diffuse bacterial infection without loss of integrity of the gastrointestinal tract. It is a rare condition occurring mainly in infancy, early childhood and in cirrhotic patients.
Secondary peritonitis is the most common form of peritonitis and results from loss of integrity of the gastrointestinal tract due to perforation (e.g. perforated duodenal ulcer) or by direct invasion from infected intra-abdominal viscera (e.g. gangrenous appendicitis) [2] .
Tertiary peritonitis is defined as a severe recurrent or persistent intra-abdominal infection >48 h after apparently successful and adequate surgical source control of secondary peritonitis [3] . Although it is less common, it may comprise of a severe systemic inflammation response [4] . Tertiary peritonitis is associated with microbial shift towards nosocomial flora including Staphylococci coagulase-negative, Candida, Enterococci, Pseudomonas, Enterobacter and other opportunistic bacteria and fungi [3, 4] . Mortality rate in tertiary peritonitis is very high, ranging from 30 to 64 % [4] .
Abdominal sepsis is the host's systemic inflammatory response to bacterial or yeast peritonitis [5] .
Sepsis from an abdominal origin is initiated by the outer membrane component of gram-negative organisms (e.g., lipopolysaccharide [LPS] , lipid A, endotoxin) or gram-positive organisms (e.g., lipoteichoic acid, peptidoglycan), as well toxins from anaerobic bacteria [6] . This leads to the release of proinflammatory cytokines such as tumor necrosis factor α (TNF-α), and interleukins 1 and 6 (IL-1, IL-6). TNF-α and interleukins lead to the production of toxic mediators [6] , which may cause a complex, multifactorial syndrome that may evolve into conditions of varying severity and may lead to the functional impairment of one or more vital organs or systems [7] .
Severe sepsis is defined as sepsis associated with organ dysfunction or tissue hypoperfusion [8] . Whereas, septic shock is defined as severe sepsis associated with refractory hypotension despite adequate fluid resuscitation [8] . Previous studies have demonstrated that mortality rates increase dramatically in patients with severe sepsis and septic shock [9] and that aggressive treatment of these patients may improve outcomes [10] . Mortality rates have recently stabilized due to advances in treatment options that manage the underlying infection and supports failing organs, however they remain high [11] .
In 2014 the definitive data from the CIAOW study (Complicated intra-abdominal infections worldwide observational study) were published [12] . The study describes the epidemiological, clinical, and treatment profiles of complicated intra-abdominal infections in a worldwide context. The overall mortality rate was 10.5 %. Analyzing the subgroups of patients with severe sepsis and septic shock at hospital admission the mortality rate reached 36.5 %.
There are many risk factors that most commonly may precipitate severe sepsis and septic shock, including advanced age, acquired immunodeficiency syndrome, and use of immunosuppressive agents [11] . However, organ failure risk factors generally include the causative organism and the patient's genetic composition, underlying health status, and pre-existing organ function [11] .
It has been observed that in some patients, peritonitis may trigger an excessive immune response and sepsis may quickly and progressively evolve into severe sepsis, septic shock, and finally to multi organ failure [13] .
These patients may benefit from aggressive surgical treatment and source control following an initial emergency laparotomy to control the local inflammatory response.
Three strategies in the management of these difficult patients have been reported [2, 14] :
Relaparotomy on demand (when required by the patient's clinical condition) Planned relaparotomy in the 36-48-h post-operative period (when relaparotomy is planned after first operation) Open abdomen procedure
Choosing the best option is not a simple task. In 2007, van Ruler et al., published a randomized clinical trial comparing on-demand vs. planned relaparotomy strategy in patients with severe peritonitis. Patients in the on-demand relaparotomy group did not have a significantly lower mortality rate or major peritonitis-related morbidity compared with the planned relaparotomy group but they had a substantial reduction in re-laparotomies, health care utilization, and medical costs [15] . However accurate and timely identification of patients who need a relaparotomy is a very difficult decision-making process. At present there are no clinical criteria to select patients for a relaparotomy [14] .
Open abdomen procedure (OA), is defined as intentionally leaving the fascial edges of the abdomen un-approximated (laparostomy). The abdominal contents are exposed and protected with a temporary coverage [16] . The OA technique, when used appropriately, may be useful in the management of surgical patients with severe abdominal sepsis (severe sepsis/septic shock) [17] . However, the role of the OA in the management of severe peritonitis is still being debated [18] . Robledo et al. compared open versus closed abdomen procedures in 40 patients with severe secondary peritonitis [18] . They found no significant difference in mortality rates (55 % open versus 30 % closed), nevertheless, the relative risk and odds ratio for death in the open group (1.83 and 2.85, respectively) led to termination of the study at the first interim analysis. However, in that study, the temporary abdominal closure was accomplished by a sandwich technique with non-absorbable mesh sutured to the fascia.
Although current clinical guidelines suggest that OA technique should not be used routinely, but individualized for each patient with abdominal sepsis [19] , OA may be an important option in surgical management of severe peritonitis [20] .
The management of the OA can be safely achieved with acceptable outcomes but it remains expensive [21] . Its overuse may potentially lead to increased morbidity, of which enteroatmospheric fistulas are the most serious complication [22] . Compared with trauma patients, patients with abdominal sepsis have been described to have worse outcomes after OA, with increased incidence of fistula formation, intra abdominal abscesses, and a higher delayed primary closure rate [12] . A correct management of the OA procedure is crucial to reduce the associated complications.
Due to patients heterogeneity included within individual studies, an OA classification system was proposed by Bjorck et al. in 2009 [23] and updated by Kirkpatrick et al. [19] (Appendix 1).
Decision making process for leaving the abdomen open in patients with abdominal sepsis
Outcomes of patients with severe sepsis/septic shock due to abdominal source are related to early aggressive hemodynamic support, prompt surgical source control and early and adequate antimicrobial therapy.
Sepsis source control is based on three principles: drainage and lavage of the infected fluid or other collections, debridement of infected/necrotic tissue and definitive or temporary measures to correct anatomic derangements (for example closure of perforated viscus) and to restore optimal function [24] . In critically ill patients with severe sepsis these principles can be applied at different times in the same patient.
Deciding whether to complete the initial operation or perform an abbreviated surgery in critically ill patients is an important and complex decision. The OA concept is closely linked to damage control surgery, and may be easily adapted to patients with advanced sepsis and can incorporate the principles of the Surviving Sepsis Campaign [8] . In these patients an OA approach may be required for different reasons including: controlling any persistent source of infection, preventing abdominal compartment syndrome and deferring definitive intervention and anastomosis.
Damage control surgery in patients with severe sepsis
The origins of damage control surgery was initially developed in the 1980s by Stone at the Grady General Hospital (Atlanta, GA, USA) [25] , and detailed by Burch at the Ben Taub General Hospital (Houston, TX, USA) in the early 1990s [26] . The abbreviated laparotomy for trauma patients was defined as the initial control of surgical bleeding by simple operative techniques such as packing etc. for life saving techniques. The patient was taken to ICU where subsequent resuscitation corrected hypothermia, acidosis, and coagulopathy. Once the patient had regained their physiologic reserve, definitive re-exploration and reconstructive surgery was performed with or without final abdominal closure. This type of management can be successfully applied for severe abdominal sepsis including OA technique.
Patients may progress to severe sepsis and septic shock having progressive organ dysfunction, hypotension, myocardial depression and then coagulopathy. These patients are hemodynamically unstable and clearly not optimal candidates for immediate complex operative interventions [27] . After initial surgery, the patient is rapidly taken to the ICU for physiologic optimization. Early treatment with aggressive hemodynamic support can limit the damage of sepsis-induced tissue hypoxia and may limit the over stimulation of endothelial activity [8] . Following the early hemodynamic support, in principle after 24-48 h, reoperation may be performed with or without final abdominal closure.
Relaparotomy and 'relook'
OA facilitates repeated abdominal exploration in the patients with peritonitis and severe sepsis/septic shock. Reoperations, in managing patients with severe sepsis/ septic shock due to severe peritonitis, are common and may be useful in attenuating the inflammatory response of patients with ongoing infections.
In some patients, peritoneal infection may quickly lead to an excessive inflammatory response, causing organ failure. In these patients, an early reintervention with surgical lavage of the peritoneal cavity and evacuation of toxic content and inflammatory cytokines may be crucial for stopping the septic cascade. This allows better control of the local inflammatory response and improved outcomes.
Several studies have evaluated clinical variables that may be associated with the need for relaparotomy in the immediate post-operative period [28] [29] [30] [31] . In a retrospective study of 219 consecutive patients who underwent emergency laparotomy for secondary peritonitis, van Ruler et al. [28] showed that both the origin of secondary peritonitis and findings at emergency laparotomy were poor indicators for an early relaparotomy. Signs of progressive or persistent organ failure during early postoperative period were the best indicators for ongoing infection.
In a retrospective study involving 523 consecutive patients with secondary peritonitis, Koperna et al. [29] evaluated outcomes of 105 patients in whom standard surgical treatment of secondary peritonitis failed and who had to undergo relaparotomy for persisting abdominal sepsis (study group). While there were no differences in mortality between "planned relaparotomy" and "relaparotomy on demand", re-exploration performed more than 48 h after the initial operation resulted in a significantly higher mortality rate (76.5 % versus 28 %; p = 0.0001). The lowest mortality rate (9 %) was achieved in patients who underwent reoperation within 48 h. The results of this study showed that timely relaparotomy should be done early and within 48 h.
The final decision to perform a re-operation on a patient in the on-demand setting is complex and generally it is based on the patient generalized septic response and on the lack of clinical improvement during early postoperative period [5, 28] . The on-demand strategy implies a vigilant observation of the patient and includes reoperation when patients show clinical deterioration or do not improve [32] . However, these conditions are not well defined [33] and often relaparotomy may be performed too late. In patients with severe sepsis and septic shock, OA allows easy second-look to control the source of infection and evacuate inflamed and toxic content, reducing the load of peritoneal cytokines and other inflammatory substances and preventing their production by removing the source itself.
Prevention of abdominal compartment syndrome
The systemic inflammatory response syndrome, increased vascular permeability and aggressive crystalloid resuscitation predispose to fluid sequestration with formation of peritoneal fluid. Patients with advanced sepsis commonly develop shock bowel resulting in excessive bowel oedema. These changes and associated forced closure of the abdominal wall may result in increased intra-abdominal pressure (IAP) ultimately leading to intra-abdominal hypertension (IAH) [34] . Although recognized over 150 years ago, the pathophysiologic implications of elevated IAP have essentially been rediscovered only within the last two decades [35, 36] . In 2013, the World Society of the Abdominal Compartment Syndrome has published practice guidelines for the management of intra-abdominal hypertension [19] . IAP was classified into four grades: Elevated IAP commonly causes marked deficits in both regional and global perfusion that may result in significant organ failure. An uncontrolled IAH, with an IAP exceeding 20 mmHg and a new organ failure onset leads to abdominal compartment syndrome (ACS) [19] . This in turn has further effects on intra-abdominal organs, as well as indirect effects on remote organ(s) and system(s). ACS is a potentially lethal complication characterized by effects on splanchnic, cardiovascular, pulmonary, renal, and central nervous systems [19] . Ventricular filling is reduced as a result of decreased venous return caused by the compression of the inferior vena cava or portal vein. Preload measurements such as central venous pressure (CVP) and pulmonary artery occlusion pressure (PAOP) may be falsely elevated. Critical clinical conditions play an important role in aggravating the effects of elevated IAP and may reduce the threshold of IAH that causes the clinical manifestations of ACS. The combination of IAH and the physiological effects of severe sepsis and septic shock may result in high morbidity and mortality rates [16] . Especially in the case of severe peritonitis the physiological effect of ACS to gastrointestinal tract may aggravate the abdominal sepsis. Specifically the mucosal-barrier function is altered causing increased permeability and bacterial translocation [37] .
The earliest and potentially most effective means of treating ACS in high-risk patient is its recognition and prompt intervention. Presumptive decompression should be considered at the time of laparotomy in patients who demonstrate risk factors for IAH/ACS [37] . The decision to perform a laparostomy in patients with abdominal sepsis is usually based on the intraoperative judgment of the surgeon without IAP measurements during the operation.
Delayed intestinal anastomosis
An additional advantage of the OA strategy in abdominal sepsis is to delay the bowel anastomosis [38] and the potential to avoid stoma formation.
The staged laparotomy was initially described in trauma setting with resection of injured bowel without anastomosis and returning to complete GI reconstruction once the patient is stable [39] .
In patients with severe secondary peritonitis and significant hemodynamic instability and compromised tissue perfusion, primary anastomosis is at high risk for anastomotic leakage resulting in increased mortality. In these patients, consideration should be given to initially control the source of peritoneal contamination and delay the bowel anastomosis. In a retrospective study by Ordonez et al., 112 patients with secondary peritonitis requiring bowel resection who were managed with staged laparotomy were analyzed [40] . Deferred primary anastomosis was performed in 34 patients where the bowel ends were closed at first operation. Definitive anastomosis were reconstructed at the subsequent operation after physiological stabilization in the intensive care unit (ICU) and repeated peritoneal washes until the septic source was controlled. In contrast, 78 patients underwent small bowel or colonic diversion followed by similar ICU stabilization and peritoneal washes. In both groups, the abdomens were left open at the initial operation and a Velcro system or vacuum pack was used for temporary abdominal closure. The mean number of laparotomies was four in both groups. There were more patients with colon resections in the diversion group (80 % vs. 47 %). There was no significant difference in hospital mortality (12 % for deferred anastomosis vs. 17 % for diversion), frequency of anastomotic leaks or fistulas (9 % vs. 5 %), or ARDS (18 % vs. 31 %). The authors concluded that in critically ill patients with severe secondary peritonitis managed with staged laparotomies, deferred primary anastomosis can be performed safely as long as adequate control of the septic foci and restoration of deranged physiology is achieved prior to reconstruction.
A high rate of intestinal reconstruction and a low mortality rate was demonstrated in a prospective study by Kafka et al. [41] in patients with generalized peritonitis (Hinchey III and IV) treated with initial damage control surgery and vacuum assisted abdominal closure.
Among 51 patients, bowel continuity was restored in 38 patients, in four protected by a loop ileostomy. Five anastomotic leaks (13 %) were encountered requiring loop ileostomy (two patients) or Hartmann's procedure (three patients). Postoperative abscesses were seen in four patients, abdominal wall dehiscence in one and relaparotomy for drain-related small bowel perforation in one. The overall mortality rate was 10 %. 35/46 (76 %) of the surviving patients left the hospital with reconstructed colon continuity. Fascial closure was achieved in all patients.
In patients with advanced sepsis, open abdomen allows surgeons to abbreviate initial surgery in the face of severe physiological compromise, relook surgery in patients with ongoing sepsis, preventing abdominal compartment syndrome and delay intestinal anastomosis until the patient is appropriately resuscitated and hemodynamically stable. OA may be a useful surgical option in those patients having severe sepsis and septic shock. An "on demand" strategy may be reserved for more stable patients. Once an OA strategy is decided, the optimal method chosen for laparostomy should allow an easy re-entry to the abdominal cavity, and allow for expansion in order to prevent ACS.
Management of patients with open abdomen

Resuscitation and antimicrobial therapy
The second stage of open abdomen procedures involves resuscitation, which should include fluid administration, vasopressive agents and adequate antimicrobial therapy.
Aggressive hemodynamic support can limit sepsisinduced tissue damage and prevent the over stimulation of endothelial activity. Current Surviving Sepsis guidelines emphasize the importance of traditional mean arterial pressure (MAP) >65 mmHg, central venous pressure (CVP) of 8-12 mmHg in combination with a central venous oxygen saturation (ScvO2) >70 % and Urine output >0.5 mL/kg/h [8] .
Empiric antimicrobial therapy should be started as soon as possible in patients with severe sepsis with or without septic shock [8] . An inadequate antimicrobial regimen is associated with unfavorable outcomes in critical ill patients [42] . For these patients, a de-escalated approach may be the most appropriate strategy. A broad-spectrum antimicrobial regimen should be started in the initial stages of treatment. Subsequent modification (de-escalation) of the initial regimen becomes possible later, when culture results are available and clinical status can be better assessed. This is usually achieved 48-72 h after initiation of empiric therapy [42] .
Antimicrobial therapy should be reassessed daily, because the pathophysiological changes may significantly affect antibiotics pharmacokinetics in the critically ill patients [42] .
In these patients Candida species infection may be clinically significant and is usually associated with poor prognosis. Although appropriate antifungal therapy is essential for controlling invasive Candida infections and improving outcome, early diagnosis of invasive candidiasis remains a challenge because criteria for starting empirical antifungal therapy in critically ill patients are poorly defined [43] .
Antifungal empirical treatment depends on the identification of patients at increased risk for invasive candidiasis such as patients with candida colonization and on the positive predictive value of risk assessment strategies, such as the colonization index, candida score, and predictive rules based on combinations of risk factors [44] .
Returning to the operating room
In principle, following 24 to 48 h after the initial surgery the patient should be taken back to the operating room for re-operation. Re-operation should be performed within 24-48 h after the initial surgery because exploration of peritoneal cavity with lavage, drainage and source control is feasible. The abdominal exploration may be more difficult later due to the intraperitoneal adhesions and risks enteric injury.
Fascial closure
Following re-exploration, the goal is early and definitive closure of the abdomen, in order to reduce the complications associated with an open abdomen [45] , such as enteroatmospheric fistulas, fascial retraction with loss of abdominal wall domain, and development of massive incisional hernias.
Early definitive closure is the basis of preventing or reducing the risk of these complications [45, 46] .
The literature suggests a bimodal distribution of primary closure rates, with early closure depending on post-operative intensive care management and delayed closure depending on the choice of the temporary abdominal closure technique [47] .
A systematic review and meta-analysis to evaluate whether early fascial abdominal closure had advantages over delayed approach was published in 2014 [48] . Mortality, complications, and length of stay were compared between early and delayed fascial closure. In total, 3125 patients were included for the final analysis, and 1942 (62 %) patients successfully achieved early fascial closure. Compared with delayed abdominal closure, early fascial closure was associated with reduced mortality (12.3 % versus 24.8 %, RR, 0.53, P < 0.0001) and complication rate (RR, 0.68, P < 0.0001). The study confirmed the clinical advantages of early fascial closure compared with delayed closure in treatment of patients with open abdomen.
Early fascial closure is commonly performed within 4-7 days days of the initial laparostomy [40] . Primary fascial closure can be achieved in many cases within few days from the initial operation without technical difficulties. Patients having abdominal sepsis are less likely to achieve an early fascial closure [49] it should be performed as soon as possible after severe abdominal sepsis is controlled [50] .
Ideally, the fascia should be closed in patients whose adequate source control is performed with no further planned surgical intervention, severe sepsis is controlled and fascial closure is feasible without relevant increase of IAP.
However, patients undergoing primary fascial closure need strict monitor of their status to assess the possibility of a definitive operation. An early fascia-to-fascia closure can not be successful if early surgical source control fails [51] .
Restrictive fluid resuscitation may be suggested for the hemodynamic support of critically ill patients with abdominal sepsis [5] . Some evidence exists to support implementing restrictive fluid therapy protocols in critically ill patients with abdominal sepsis and IAH [52] .
In these patients, fluid resuscitation should be controlled to avoid fluids overload, which may aggravate gut oedema and lead to increased intra-abdominal pressure [5] . Reduction of bowel oedema with a conservative fluid resuscitation may increase the chances for early definitive abdominal closure. Intra-vesical measurements of IAP should be frequently performed in patients with severe sepsis or septic shock of abdominal origin, to monitor the trend of IAP and decide the timing of fascial closure.
It has been proposed that leaving patients with open abdomen on continuous neuromuscular blockade (NMB) can improve closure rates. However, the current evidence comparing continuous NMB to simple sedation is equivocal [53, 54] . Active diuresis is often used to decrease bowel and abdominal wall oedema and facilitate fascial closure. Yet, there is no convincing data to suggest that use of diuretics improves the rate or time to closure [19] .
Delayed fascial closure is defined as fascial abdominal closure achieved 7 or more days after the initial OA procedure [47] . The delayed abdominal wall closure may be often problematic because of fascial edges lateralization leading to unfavourably high tensile midline forces. Abdominal wall closure should be performed by approximating the fascial edges progressively and incrementally, each time the patient undergoes surgery until it is completely closed.
Temporary abdominal closure
The ideal temporary abdominal closure (TAC) method should protect the abdominal contents, prevent evisceration, allow removal of infected or toxic fluid from the peritoneal cavity, prevent the formation of fistulas, avoid damage to the fascia, preserve the abdominal wall domain, make re-operation easy, safe and facilitate definitive closure [55] .
Many different techniques of TAC have been introduced during the past 10 years [56] . Numerous reports exist on all these techniques, but patient groups remain small, with a high heterogeneity, making comparison of techniques and outcomes difficult [56] . Various advantages and disadvantages of different forms of TAC are shown in Table 1 . Although numerous TAC techniques have been applied in the setting of abdominal sepsis, many of those modalities are not primarily intended to close the infected abdomen, (e.g. skin only, meshes, or zipper)
The first and easiest method to perform a laparostomy was the application of a plastic silo (the 'Bogota bag'). This system is inexpensive, readily available and preserves the intact fascia when sutured to the skin edges. However, it does not provide sufficient traction to the wound edges and allows the fascial edges to retract laterally, resulting in difficult fascial closure under significant tension, especially if the closure is delayed [16] .
Negative pressure therapy (NPT)
Negative pressure therapy techniques have become the most extensively used methods for temporary abdominal wall closure.
It is an easy method and uses a fenestrated polyethylene sheet between the abdominal viscera and parietal peritoneum, followed by a moist towel, kerlix gauze bandage rolls with closed suction drains or a sponge covered with an occlusive adhesive drape and is known as the "vacuum pack technique" or the opsite sandwich technique [57] . This method is inexpensive, easily applied and changed, protects the viscera, prevents adhesions, removes exudate and prevents some loss of domain [58, 59] . Commercially prepared negative pressure dressings are available and the initial dressing may be changed to commercial dressing, if early closure is impossible.
NPT actively drains toxin or bacteria-rich intraperitoneal fluid and has resulted in a high rate of fascial and abdominal wall closure [60] . Animal studies suggested that OA techniques using constant negative pressure to the peritoneal cavity may remove inflammatory ascites, reduce the systemic inflammatory response and improve organ injury [61] . NPT is still associated with high morbidity and high incidence of ventral hernia formation in surviving patients. This is caused by difficulties in definitive closure of the abdominal wall, especially after prolonged application of NPT. However, it is a highly promising method of temporary abdominal closure in the management of critically ill patients with abdominal sepsis [62, 63] .
Enteroatmospheric fistulas formation is one of the most devastating complications of OA procedure and NPT. The development of fistulae correlates to duration of NPT and frequency of changing the dressing [64] .
Nevertheless, recently published articles indicate that NPT can be applied for the successful treatment of enteroatmospheric fistulas [65] provided an adequate isolation and external drainage of the EAF is obtained. The rationale of obtaining an effective control and diversion of the fistula output is essential for a clean granulation of the exposed bowel and epithelization of the abdomen [66] .
A practical algorithm for EAF management based on size, location, output and number of EAF's (single or multiple), has been recently proposed [67] .
The combination of NPT with fascial-approximation techniques using dynamic closure procedures to approximate fascial edges is safe and can facilitate delayed closure of open abdomen in septic patients [68, 69] .
A systematic review and meta-analysis of the open abdomen and temporary abdominal closure techniques in non-trauma patients was recently published [70] . The search identified 74 studies describing 78 patient series, comprising 4,358 patients of which 3,461 (79 %) had peritonitis. The best results in terms of achieving delayed fascial closure and reducing the risk of enteroatmospheric fistula were shown for NPT with continuous fascial traction. Despite that the authors concluded that the overall quality of the available evidence was poor, and uniform recommendations cannot be made.
In 2012 a retrospective analysis evaluating the use of vacuum-assisted closure and mesh-mediated fascial traction (VACM) as temporary abdominal closure was published. The study compared 50 patients treated with VACM and 54 using non-traction techniques (control group). VACM resulted in a higher fascial closure rate and lower planned hernia rate compared with methods that did not provide fascial traction [71] . Recently a prospective study of 108 patients with diffuse peritonitis and open abdomen enrolled from January 2006 to December 2013 was published. Sixty-nine patients were treated with mesh-foil laparostomy without negative pressure and 49 with vacuum-assisted closure (VAC) [72] .
The results clearly suggested the advantage of negative pressure therapy in comparison to the temporary abdominal closure with mesh-foil laparostomy in the cases with severe diffuse peritonitis.
While VAC was associated with low incidence of enteroatmospheric fistula, the fascial approximation techniques (mesh mediated fascial traction and dynamic retention sutures) were associated with less lateral fascial retraction and significant increase of fascial closure. Even if there is lack of good quality of evidence, the combination of NPT and fascial approximation technique is the most promising TAC method [65] .
Nutrition support
Nutrition is known to be a key component in the recovery of patients following severe injury or abdominal sepsis. The open abdomen is a significant source of protein and nitrogen loss (up to 2 g per day) [73] , failure to account for this may lead to malnutrition with overall poor outcome. Enteral feeding does not increase the risk of ACS [74] .
Whilst, there is no strong evidence of enteral nutrition policy in patients with OA, multiple retrospective reviews and one prospective study demonstrate that enteral nutrition is safe within 36 h to 4 days of damage control laparotomy [75] [76] [77] [78] . These studies have demonstrated increased rates of fascial closure and demonstrated decreased infectious complications with early enteral nutrition.
Delayed abdominal wall reconstruction
Primary fascial closure of the abdomen is occasionally not possible. A plan must be made to prevent a ventral hernia development in this scenario.
Delayed repair by bridging biological meshes has been proposed [79] . The role of biological mesh in the management of open abdomen has not been completely clarified and may result in bulging or recurrences [80] . In 2012 the Italian Biological Prosthesis Working Group (IBPWG) proposed a decisional algorithm in using biological meshes to restore abdominal wall defects [81] . Well-controlled prospective investigations are necessary to better define the role of biological meshes.
If definitive fascial closure is not possible another option may be skin only closure to cover the exposed viscera and protect it, minimizing further injury to the exposed bowel. Ostomies should be placed as lateral as possible to be adequate [82] .
The open abdomen may result in late development of large, debilitating hernias of the abdominal wall which require delayed repair with synthetic meshes after hospital discharge.
A useful technique for the repair of large midline abdominal wall hernias as consequence of open is abdomen component separation technique (CST).
This technique for reconstructing abdominal wall defects without the use of prosthetic material was described in 1990, by Ramirez et al. [83, 84] .
The technique is based on enlargement of the abdominal wall surface by mobilisation of the muscular layers without severing the innervation and blood supply of the muscles [85, 86] .
In a prospective randomized trial comparing component separation technique with bridging the defect with prosthetic material, CST was found to be superior to the insertion of prosthetic material. Nevertheless a similar reherniation rate was found after a after a 24 months follow-up [87] . The scars or ostomies in the anterolateral part of abdominal wall can make separation of abdominal layers difficult and can limit the feasibility of CST.
Enteroatmospheric fistula
The development of enteroatmospheric fistula is the most serious local complication in patients with OA. The exposed bowel is at risk of fistulisation, especially in long standing OA and in the presence of synthetic meshes and residual infection [88] .
The formation of an enteroatmospheric fistulas in an OA is a challenge for surgeons. Spontaneous closure is rare, because of they have no well-vascularized overlying tissue and no true fistula tract [89, 90] .
Key components of management enteroatmospheric fistulas include adequate delivery of nutrition, electrolyte/ fluid deficit correction and adequate broader spectrum antimicrobial therapy. A useful acronym to apply to the management of such patients is "SNAP," representing management of Sepsis and Skin care, Nutritional support, definition of intestinal Anatomy, and development of a surgical Procedure to deal with the fistula [91] .
In literature several methods to manage such fistulas have been described.
The most common strategies for enteroatmospheric fistulas management are:
(a) control and divert the fistula output, using systems such as nipple or ring with negative pressure therapy applied over tissue around to allow granulation; (b)skin grafting over granulation tissue around the fistula, to apply a colostomy bag; (c) definitive surgical treatment of fistula when the patient is fully recovered, without sepsis and in good nutritional status, usually after 6 to 12 months.
However, whenever possible or technically feasible, the most effective therapy of enteroatmospheric fistula is prevention and closure of open abdomen as soon as possible.
The open abdomen procedure, although a lifesaving technique, presents a clinical challenge because it may be associated with significant morbidity.
Fascia should be definitively closed as soon as possible (early facial closure).
Negative pressure wound therapy techniques in combination with fascial approximation techniques should be used for delayed closure.
Conclusions
OA as part of a damage control strategy may be a lifesaving strategy in a well-selected group of surgical patients with severe abdominal sepsis. Once severe sepsis has been controlled, definitive surgical reconstruction should be performed within 48 h.
Rapid closure by negative pressure and dynamic retention sutures of the fascia should be the primary objective in the management of these patients, in order to prevent severe morbidity such as fistulae, loss of domain and massive incisional hernias. The open abdomen strategy presents a clinical challenge that is associated with significant morbidity and OA should be used in the right patients at the right time. Even with the lack of strong evidence in international literature, OA may be an important option in the surgeon's strategy for the treatment of severe abdominal sepsis. Welldesigned prospective and randomised studies are required to adequately define the role of OA and negative pressure in managing patients with abdominal sepsis.
Surgeons should be aware of physiopathology of sepsis and always keep in mind the rationale of open abdomen to be able to use it in the right patient at the correct time. A correct management is crucial to avoid severe complications.
Despite lack of high quality data, OA may be an important option in the surgeon's armamentarium for the treatment of severe peritonitis.
Well-designed prospective studies are required to better define the role of OA in managing patients with abdominal sepsis.
